Abstract. In this paper, urbanization pattern of Guangzhou city is studied with land use/cover maps estimated from 11 Landsat TM imageries with an interval of 2 to 4 years by using C4.5 decision tree algorithm. It has been found that since 1987, the urban area has expanded twice which are mainly converted from cultivated land and the expanding is mostly around the urbanized area. Based on the relationship among social economy, population and land use change, the driving forces for urbanization are different in different periods, including national policy, the aggregation and diffusion of population and the economic development.
Introduction
Urbanization is a worldwide development trend that is more rapid in the developing countries in the past decades, detecting urbanization pattern is very important because it provides information for future development guidance. With the development of remote sensing technology, satellite remote sensing image had been widely applied on dynamic urban change detection, and the automatic classification of land use/cover (LUC) has become the most important approach in this field [1] . Since 1980's, with the development of machine learning, more and more classification algorithms were proposed and applied on remote sensing image interpretation, such as the SVM algorithm, the ANN algorithm, the KNN algorithm, the Bayes algorithm and more [2] . Decision tree is one of the most wildly used remote sensing classification approach for its simple structure and high logicality [3] . C4.5 algorithm is one of the most advanced decision tree algorithm which proposed by Quinlan on the base of ID3 algorithm, with its strong logic, better noise suppressing attribution, and high accuracy [4] . In this study, remote sensing imageries were classified by using C4.5 algorithm.
Study Area, Data and Methodology

Study Area
Guangzhou, the capital city of Guangdong province in southern China, locates in the confluence reaches of east river, west river and north river. It is not only the political, economic and cultural center of southern China, but also the most densely populated region in China. The city is in the subtropical oceanic monsoon area and has a mild and moist climate. Its annual average temperature is 22.3℃ and annual rainfall is 1720 mm. Since 1980s, as the bridgehead city of Chinese reforming to overseas, Guangzhou has been experiencing dramatic economic development with rapid land and population urbanization. The study area of this paper is the main urban area of Guangzhou City, including Liwan, Yuexiu, Haizhu and Tianhe districts.
Data Collection
Cloud free Landsat 5 TM, Landsat 7 ETM+ and Landsat 8 OLI remote sensing imageries with WRS path 121, row 44 were obtained from the website of US Geological Survey (USGS). All imageries were acquired in the dry season (January, February, November and December). 11 Landsat remote sensing imageries during 1987 and 2015 were collected at an interval of 2 to 4 years. Each image was pretreated, including geometry emendation, geography registration.
C4.5 Decision Tree Algorithm
The C4.5 decision tree algorithm was built by dividing the sample set layer-by-layer, where the split property was the one which had the highest information gain ratio with the sample set and the optimal threshold under the split property was obtained by information entropy calculation. Concretely, at first, taking the whole sample set as the root node of the decision tree and then calculate the information gain ratio of each properties of sample set which links the current node, and takes the property which had highest information gain ratio as the split property. After that, according to the information entropy optimal threshold were selected, the current sample set was divided into several subsets and each subset was used to create child node for the current node. Repeat the steps above for each new generated node, until it met one of the conditions [4] as: 1) Set the node as a leaf node of the decision tree if all samples in the sample set which links current node are the same class; 2) When no property of sample set which links current node is left for further sample set division, takes majority class in the sample set as the class tag and set the current node as a leaf node of the decision tree; 3) If the value of the residual properties in the sample set of current node is identical but the classes of samples are different, the majority class in the sample set would be used to tag the current node and set it as a leaf of the tree.
Results
LUC Estimation of Guangzhou City
In this study, LUC of Guangzhou City is divided into six types, including forest, grassland, farmland, built-up area, and water body. With the band combination 543 of TM/ETM+ images (653 of OLI images), the features in the images are perfect in visual for remote sensing interpretation [5] . Thus using this combination, the interpretation marks of LUC type are established as: 1) Forest: with uniform green and dark green, the texture is more delicate; 2) Grassland: with smooth texture which is green or light green; 3) Farmland: with green or gray green color, and has structured geometric shape and clear boundary; 4) Built-up area: mainly gray or white, the texture is rough, and its distribution is scattered; 5) Water body: with deep blue, blue and light blue color, often shown as curved bands with different width; 6) Bare land: with purple or pink color, rough texture and multi block distribution.
More than 3000 pure pixels were selected as the samples for each scene to train C4.5 decision tree model and 11 LUC maps was interpreted from remote sensing images as shown in Figure 1 . The average accuracy is 87.03%, and average kappa is 0.866, which is perfect for urbanization dynamic detection. 
Urbanization Pattern of Guangzhou City
From the above estimated LUC of Guangzhou city, the LUC change of Guangzhou City from 1987 to 2015 are drawn. The results show that Guangzhou City has experienced a rapid LUC change period. The urbanized area increased two times, while the cultivated land and forestry land decrease dramatically, the other land use/cover change very little. This period is a rapid development of Guangzhou City, its population and GDP also increase rapidly, as shown in Figure 2 . , compared with the cultivated land, the reduction rate kept at around 1.8% smoothly, except 1987~1990 (the reduction rate is 5.8%). The overall of land use change indicates that the decrease rate of the cultivated land had gradually slowed down. The reduced cultivated land mainly transformed into urban green space, urban construction land and other urban land use. It has been proved that during the economic development, the land surrounding the urban area of Guangzhou City has become the main source for urban expansion. Analysis to the transformation of forest land to other land use type proves that forest land closing to the cultivated land reduced and was converted to cultivated land. From 1987 to 2011, the forest land transformed to cultivated land was reduced. After 2011, the transformed area to grass land was larger than that to other land use type. This shows that with years of reclamation, the forest land resources can be used for the farmland is depleted and some parts of the forest land expanded into grassland, city construction and other landscape elements stopped.
From 113.37km 2 in 1987 to 457.78km 2 in 2015, the built-up area of Guangzhou city kept extending, totally increased 344.41km 2 , this means that the urbanization process of Guangzhou City never slows down. The rapid expansion of built-up area mainly concentrated in three stages as shown in Figure 2 , the period of 1987~1993, the period of 1996~2001 and the period of 2005~2011. Figure 3 shows the transformation of each land use type to built-up area in each interval, it could be seen that cultivated land is the main contributor to built-up area increase, especially after 1999. The second contributor to built-up area increasing is forestry land. Bare land is an important land use type as it is the most directly land use converted to built-up area, the cultivated land and forestry land were first converted to bare land, then to built-up land. From the built-up area change trend line in Figure 2 , 1993, 2001 and 2011 are important turning years. Based on these key milestone date, the process of Guangzhou City's urbanization could be divided into four stages. Table 1 shows the relationship between population and built-up area and the relationship between GDP and built-up area in different time periods after regression analysis. The first stage is from 1987 to 1993, due to the impact of local government macroeconomic management and internal and external economic environment, the existing advantages of the policy was weak to promote economic development. Although the expanding of built-up area had a strong relationship between its GDP and population size, the growth speed of urban area was slow. The second stage is from 1993 to 2001. Since 1992, China has accelerated the pace of reforming and opening to the outside world, with the implementation of various reform policies to promote economic growth, the urban area expansion continued to accelerate. During this time, policy orientation played an important role to drive urban expanding, the relationship between built-up area and population size was stronger than any other period, so did the relationship between built-up area and GDP. The third stage is from 2001 to 2011, the economic was increasing by leaps and bounds, the population was continuously increasing, the built-up area had a strong relationship with population size and economic, rapid economic development and urban population increasing become a major factor in urban growth. The fourth stage is from 2011 to 2015, in this stage, the urban growth rate became slowing down, although the economic was developing rapidly, its impact to drive urban growth was not strong as population size. In fact, in this stage, the growth of Guangzhou City main urban area was limited by the geographical scope, the urban expansion was tending to stagnate, and the increasing density of population led the city under more pressures. Throughout the study period, the built-up area had a high correlation with population size, its linear correlation coefficient is 0.9778, larger than that between built-up area and GDP. It indicated that population size was a strong drive force for urban expanding all the time, the economy also played an important role but its influence to urban growth was different in different period, especially when the urban expanding was limited by the geographical factors. From 1987 to 1996, new generated built-up areas was mainly growing around the main built-up area. In the northern suburb area of Baiyun district, most built-up areas generated as scattered settlements, excepting few towns with high growth aggregation. From 1996 to 2005, the main built-up area was expanding to the east and southwest in a large scale and to its north, since 1996, more concentrated towns had been built, surrounding these towns, new residential area was building constantly, until 2005, more residential area was built up in the northern suburb area. Because the towns in Baiyun district was expanding so differently, the spatial morphology of generated built-up areas seemed to be much messy. Since 2005, the built-up area expansion was almost stagnate excepting Bayun district, of which in the north, the expansion of the main urban area and surrounding towns in suburb area made both of them merge together dramatically.
Conclusions
This study has assessed LUC changes and the dynamics of urban expansion in Guangzhou City main urban area, using the land use maps which were interpreted from Landsat remote sensing imageries from 1987 to 2015 with C4.5 decision tree algorithm. Since 1987, with heavy cultivated land losing and vegetation cover shrinking, the main urban area of Guangzhou has expanded twice and the LUC changes become complex. From 1996 to 2001 and 2005 to 2001, the built-up area had experienced a rapid expansion, particularly from 1999 to 2001, transformation of large areas of cultivated land to built-up areas led a surge of urban expansion. Driving forces to expand the urban area are different in different period for Guangzhou city, including national policy making and adjusting, aggregation and diffusion of population and economic development. In the long-term urban land cover dynamic monitoring by multi-temporal land use map in Guangzhou, setting 2 or 3 years as an interval was perfect to obtain the important details of urban expanding and land use change. In summary, using the technology of feature enhance and decision tree algorithm, the land use maps produced in the study quantify the LUU change in the main urban area of Guangzhou with a high accuracy, the results provides a reference and data support to urban extending study and, urban planning decisions and forecasting of future land use changes.
